Alaska as a Crossroads
Alaska is an international crossroads for millions of migratory birds that journey each spring from wintering areas in Asia, South America, and Oceania. Populations of fish and marine mammals come to Alaska after migrating through Pacific and Arctic Oceans. These intercontinental migratory links could play an important role in the transmission of diseases that affect wildlife and humans. Key coastal areas offer breeding and stopover sites that are ideal settings for exchange of foreign and resident pathogens.
Climate Change and Environmental Health
Climate change is predicted to increase the distribution, spread, and virulence of some infectious diseases. Arctic environments face rapid and dramatic changes that include loss of sea ice, permafrost degradation, wetland drying, and related alterations in nutrient cycling. Pathogens in these areas are expected to respond quickly to new environmental challenges and opportunities. Additionally, the detection of relatively high levels of contaminants in the Arctic raises concern about the effects of local and global pollution on humans and wildlife. As a result, certain Arctic wildlife species have been recognized as valuable sentinels of anthropogenic change. 
The USGS Alaska Science Center
With more than 30 years of ecological research in Arctic and sub-Arctic regions and a state-of-the-art molecular genetics facility, the Alaska Science Center is uniquely positioned to respond to new and existing issues in wildlife disease and environmental health. Long-term research and monitoring programs focus on a diversity of species including resident and migratory birds, caribou, fish, sea otters, polar bears, and walrus and provide important baseline information about the health of Alaskan wildlife. Ecological data are integrated with surveillance efforts to provide a better understanding of the connections between climate change, disease, and demographic impacts on wildlife populations. This information is valuable to community, state, and federal partners, such as the Climate, Ecosystems and Human Health Work Group, an inter-agency group that addresses the effects of climate change on human health in Alaska.
Environmental health research at the Alaska Science Center focuses on
• emerging wildlife diseases, particularly related to climate change; • movement and transmission of wildlife pathogens; and • demographic and fitness consequences of disease on wildlife populations.
Scientific information from this research is used to inform decision-making by wildlife management and human health agencies.
Emerging Diseases and Climate Change Infectious Disease
High latitude regions are responding rapidly to climate warming and the resulting changes are expected to influence the spread of infectious diseases. Expanded ranges of host wildlife, shifts in phenology, and changes in environmental conditions may result in transfer of pathogens to new areas and to potentially naïve populations. Preliminary evidence suggests that changes in pathogen distribution and abundance in the Arctic are already underway. However, due in part to the remoteness of the area and its challenging environmental conditions, knowledge about wildlife disease in Alaska is limited. Scientists at the Alaska Science Center work in remote field locations throughout Alaska and have the opportunity to identify wildlife and environmental health issues as they emerge.
Environmental Contaminants
Environmental contaminants threaten the health of wildlife and humans in the Arctic. Pollutants from lower latitude sources travel by large-scale atmospheric transport, driven by global wind and water currents, to the Arctic. Climate warming and increased anthropogenic activities, such as those related to mining and other natural resource extraction, may contribute to overall contaminant burdens. Some of these compounds persist in the environment for many years and accumulate in living organisms, especially in high trophic level predators like marine mammals. Contaminants in subsistence foods are of particular concern as many indigenous Alaskans rely on traditional sources of meat, fish, and berries. The Alaska Science Center is working with partners to measure levels of nutrients and contaminants in physical and biological samples and to evaluate potential effects on wildlife.
A mature blood parasite Haemoproteus nettionis.
Greater white-fronted geese on the Arctic Coastal Plain.
A polar bear with hair loss (alopecia) along its neck. The bear was captured by USGS scientists using the immobilizing drug Telazol.
Selected Research at the Alaska Science Center
• Avian keratin disorder was first detected among resident birds in Alaska in 1999. This debilitating condition is characterized by beak deformities and it affects a wide range of species. Current studies are investigating the causes and consequences of this emerging avian disease.
• Research on avian influenza has revealed important patterns of virus movement and transmission in migratory birds. Ongoing work includes surveillance for foreign-origin pathogens and study of intercontinental links between Asia and North America.
• Alopecia (loss of fur) and other skin lesions were recently observed in polar bears off the northern coast of Alaska. Biologists are examining samples from afflicted polar bears to identify possible causes of these lesions.
• Blood parasites (hematozoa), including avian malaria, infect resident and migratory bird species in Alaska. Current research is investigating whether blood parasites have deleterious effects on avian populations and if they are sensitive to changes in climate.
• As part of ongoing climate change research, biologists have observed a high rate of non-viable eggs in nests of greater white-fronted geese. Future analyses will provide insights about elevated rates of embryo mortality in birds and identify potentially pathogenic bacteria in a changing Arctic environment.
• Coxiella burnetii, a bacterial pathogen that causes disease in animals and humans, was recently detected in polar bears, northern fur seals, and soil samples in Alaska. Future studies will investigate the prevalence of this pathogen in marine and terrestrial species.
Tundra swans on Alaskan breeding grounds.
Movement and Transmission of Pathogens Migration
Both large-and small-scale animal movements have important implications for pathogen distribution. Research on the migration of waterfowl and other avian species plays a key role in evaluating potential routes of disease transport by wild birds. The emergence a highly pathogenic strain of H5N1 avian influenza virus that causes severe illness in birds and humans has heightened concerns about the potential role of wild birds in the transfer of disease between flyways. More than 2 million individuals of 94 species migrate to Alaska from Asia each spring. Recent studies by the Alaska Science Center demonstrated that migratory pathways of avian hosts could serve as links between H5N1 influenza outbreak sites in Asia and breeding areas of birds in Alaska. Waterfowl sampled in Alaska carried viruses with Asian-origin genes, and some of these viruses were transferred across multiple species.
Transition Zones: New Opportunities for Disease Transmission?
Certain landscape features, such as those unique to the Arctic coastline, provide critical ecological transition zones that also may influence patterns of disease transmission. The intersection between sea water, sea ice, terrestrial land mass, and fresh water from major river deltas draws a diverse assemblage of species. Overlap in these environments creates an opportunity for pathogen exchange between primarily marine hosts (like polar bears, seals, and walruses) and terrestrial hosts (like caribou, gulls, foxes, and grizzly bears). Changing environmental conditions, primarily the loss of sea ice, has resulted in larger aggregations of birds and mammals on land, forcing more frequent encounters between historically segregated species or populations. Future investigations will target potential exchange of pathogens between marine and terrestrial hosts at these transition zones.
Blue-winged teal in Texas. Inset shows avian influenza virus.
Polar bears and gulls feed on a whale carcass on the Arctic coast of Alaska. This is a possible transition zone for disease transmission.
Research also has demonstrated that low-pathogenic strains of avian influenza viruses may overwinter in Alaskan wetlands and therefore be available to re-infect bird populations in subsequent years through consumption of virus-contaminated water. The Alaska Science Center is studying the detectability and persistence of avian influenza viruses in natural water systems of Alaska during winter and summer months. Additionally, experiments are underway to test the ability of filter-feeding invertebrates-common food for water birds-to accumulate viable virus and to act as potential disease vectors to avian hosts.
Certain "hot spots," including in western Alaska, have been identified as important surveillance locations to sample for diseases that might be introduced from Asia and then transferred to other locations. For example, avian influenza and Newcastle disease virus were detected in numerous species of waterfowl in Alaska and genetic analysis of isolates has implicated redistribution of these viruses by migratory birds. Research by the Alaska Science Center has recently expanded to include study of viruses in Neotropical migrants that provide connections between North, Central, and South America.
Muskoxen in northwestern Alaska.
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Demographic and Fitness Consequences of Disease
Fitness consequences of disease are presumed for wild animals, but are often difficult to quantify because sick individuals must be identified and then tracked over time to assess condition. The Alaska Science Center is conducting long-term studies that will allow an assessment of disease consequences on individual animals. For example, one current study addresses the influence of blood parasites on body condition of resident and migratory species during breeding and wintering seasons.
Quantifying the demographic impacts of wildlife diseases also will provide a more accurate assessment of other mortality factors (for example, hunting or environmental stressors associated with climate change) that could be important for management actions. An ongoing study of emperor geese in Western Alaska allows for detailed investigation of the effects of blood parasites on specific fitness parameters, including reproductive success and adult survival. If the rates of infection by blood parasites vary among years in relation to phenology, progressive climate change may cause changes in vulnerability to blood parasites.
In another study, the Alaska Science Center has documented surprisingly high mortality (20-30 percent) of adult female musk ox during mid-to late summer in northwestern Alaska. Given the magnitude and timing of the observed mortality, and the fact that these muskoxen are in good nutritional condition in late winter, a pathogen is suspected to be contributing to the high losses observed. Additionally, copper deficiencies have been identified in other Alaskan musk ox, which can result in compromised immune function. The Alaska Science Center is currently comparing levels of infection and trace mineral status between the affected population and a reference population exhibiting low mortality rates to evaluate relationships between disease and nutrition.
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